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ABBT.ACT, Jeveral types of Meugm u'emtio fierds, permitting
‘ acnnipriauaeey  of aouble rmﬂu‘ of molecular beamsaro plesecied and
Yoy~ o - X 4
the motion of molecules in these fieids, with ecnsideration ofpp .
Subssnsanh, It iz shown that by means of a pians non=holgrensous
whio0tio fiela, a8 presented in this articlie, the acocompiishment of

A 'ang tor mulesular rays is possibis,

LIZRGACTION

Bacuse of the | f
SUPsge ave) msnt of NASY=ADUCLINE0ODy . OulAmRTMetrofcopy and ’
mivrtror o™ane, the provi.erz of foousing w# eisctrun and iou OCoams
by @ viantrie and uagretin nuw thoroughly studied theoretionlily
tr Wal) ar exnoriaen &dive oo~ sadbility of locvtin @B & awaeculer
Usas. Uy a non-howrgoneous axiws f'lelc was firet indicated by Xormunsidy
‘et 1o Ta vare work tre .ocusing properiss ¢ an arial ShEER
Wroerstye 0 Mdowthoa r,m‘:zunt' of the fomDR d: w P/r AMs
HLHo 19d,
Yoo pveant work conaldort spuclal propurties oL magnotic fiesus, i
A%in.p 08 well AA DIANG, Seouring aoubse focusiug of ihe moieoular beame
e ctien wf oaw.eoules in these fielas i# studiod with nronpiae.ation

e
2 .Aam.\cn of nravitys

Lo Gunlilli haPRiiSSICN CF FORCE, ACTING ON A PARTICLE WITH A

MAGNETTC  MCLENT,

The foroe nutinu on & partiole in a magnetio lield is

,) V<r"‘>J fo WA ()

Using tne nceor oqualiity V(ﬂ B e (ﬂ?)?o [ IMT] and considering
' © that ret n a 0 (magnetostatic field), we odtain for the fores f the _

wxprassion [»Vn‘l ﬂl’yﬁh/ /u M‘ﬁ* Greek mj’@
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Doudle !om!.u uﬁmuuum-ptu f1eud
wiil oeour, as tt will be shiown beiew, wnder the comdition that the

foroe esmpenemss uu b0 expressed in' the follewing way

"'-"’—L-‘
Fops el ot “o

where & is & eonstant characherising the magnetic fielde

Deuble focusing 4a & pleme field wili um' wder the emmdition:

S pax [ o fom &y o /oy f-/ll] n
nummhtumumuunmm ‘
Mb“ﬁﬂhp&“dﬁwowﬁﬁuunm i
ormm'fuummmuu-u--cw-m |
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"'it’::?: I ‘_ j V vl .
umuvap.,% = oiad mgaetds
£1004 15 veleted 6 the flating of Suik & Magaottle Slaldy o campene '
values of hith mmmtﬁam“"’”“"" w
for the compements -cua-m-ﬂm " !
In the mm speee of - .lmm'w"
holds for the povemtialy ) :
. :A"' | DK )

Let us wrise laplace oqmun in Moﬂ mn-. eonsidering the
eondition ot axial M of the fiesd n‘v/aﬂ‘- 0)s

7, eeseressee ﬁ(tﬁ) "‘rgﬁ(""‘ﬁ)“ (9)

At
Lot us find now the axial magnetie fielas, the potential of wnich wiil
e expressed by the fermuias

VaCRR2?f (0) (10)

In ordor to find the funoction f£(@) let us substitute the valve of the
potential from formuis (10) into equatiom (%), which will result in
s differential equation of the following forms

! ' £2(0) o ovg ¥ 21(0) @ (s @ L)nf(0) @ 0. (43)
L . \

By exshanging the variables in equation (il) acosrding to formla
tgoes ) W obtains

‘ (e s')f(s) .W(ﬁ) en(ned) Fis) g0 . (1)

wnm»-mnr(mmn. ,
Bquation (Il) nmmmammm d'w ‘
e mwiuorﬁhm(u) has %he forms

] ()

. et
. :. et e
i e ) 3
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Lea(jr=v), Lew, . . (8)

where & g 30, : : I
I% is casy %0 i po‘ hﬁﬁp&m owlu $0 mtisfied by o
£101d of nore gemeral t7Pe, the empenmmts of which are of the forms

Lake o(fr=3"), moews. (28)

) 8
' 1ot ws now find the fores asting om @i, partiols with magnetie

monent in & fiela, eharacterised by equations (iv)e For tais purpose
let us ocompube £; and £, acoording to formuas (4) l!lln‘ also
t;nuln (16)e The vesuwit of oomputation will \n

a*—2Has* J
£, - P“' \* Rrardia)t

(17a)

(™) i

? Heuse for noleeules mving 1n e medien £1014 Dlare, sharnetorised
by eqmtions (m,u:omuuummmmmm

Is is poumummuw-umnuumm
Mhmmmuh-upw whq—mmn
.:ammm-mm-.wqunus-pm-—m.- ‘
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) s 08,(000)/ 0% -l,ah-mu-ml.o,n e

have 2at J2y/97 @ IBy/ 9% -&u-mh.-au-u ooty
: E,(008) 0 P "”‘c-fcllou"v’ [

| (0e) =0 wao, (20)

———=}0u Wo may preve that ail terms of the series (1) with edd indless are

11},

Lot us write kﬂumctt‘l‘m ia aylindrice!
coordinates under eondition of axial symmetry @ ‘

: 3;5 eX!
Lo . (21)
Lot us substitute in the expressien (21) the series (i¥) ler Il,, thon

we snall obtain

zk["‘.f*-’+k(l'-l)¢'r -‘-d. hJ = 0 (22)

e gomcition that tno Mgt de of exprouiion (22) i- taentiq to tero

leaus to the arxoression

2 | . 3\

k'n, o0 B -l (2%)
then . ] )

Buv because o, = U, nhmm.ltu iTol uxpresrioi. (20) thabt wil mxanamang

ovefficients of ser<es (1Y) wath oda indioes ax@¢ rzoroj acuoe tho sories

for H, may be written as fo..ows

K..l,‘lzrzogl‘“ooo (24)

If we shall limit ourselves %ir the region near the Symastry axis
Whore ayr «nzrz then A, may be written in the follewing form:

- —————

= aue,r By oo @0 (20)

Keoping in mind that in the median plane H. n 0 and H, g H, we obtain,
with oouslderation of {‘omnt; 4), fl, z 2/Ma-r, f; o 03 At means that
| in the region ¢f the median piane where relation (26) holas, the foree has
| @8 foousing sffeet . '

¢ As fellews from equatioms (16), the equation of equipotential
g, ' . surfaces ‘of the comsiderea fiela will be y
i . e =8 v !mw i‘}. B i

(ONHDENTIM -

. Coe b AN, '..J. .,..ou _,-

e e e e R m.!* .
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The equation of the iines of feress of the givem fleld is

)

r

rll‘-T-b’”v (27)
N .

Figure 1 represents the lines of feress and equipotemtial surfuces '
of the field, acharacterisod by equations (2¢) and (27) in the ocase
A/a g =T, The sere equipotentigl surfuce,besides the plane s =0,
‘8 the hypervo.ssid of rotation, the equation of wnich is
] 3 r Hy
- e ome @ - (2)
3 2 a
(s0e surface ¥V on figure 1),
T oone:derey field may be reaiisua as well by mcans of t.ae
; Quadrapile s.stem I, II, ill, IV, ai vy owanr 0. tue trifuin Jyster
I, 11, V4, and alsc by othor memns.

Lot G 2w oonsadar the Aot an 6! molewlad in L ey ¢ =0

| (Pla~e xy) w.der mutual action ¢ mARLotic 1imlu torce ui
TSR Y LR
Eravitye A¢Y wili oe sLOWL ik tae (Wl r eI .\
i o e
aot:.on of the force nt rravwity 1e . JuoRUSH Wl +oP

sriall graiients ede=bemstenm 01 the mA:netic I wau the vaive of gravity
actinr, on tho molecule is of':ru;gnituun oomperadie to tnat of tho
macnetio foroe.

If the plane s = 0 18 locatud vertiocally. then tio aifferentiel
oquation of the motion of the molecule, ti:e magroiic moment of which

is directed against the fisle, will de

a¥ g - Anx, Ry g -Aly -.D( (29

(or spertume)
If the s1itpof the molecule source is locatea m the y=-axis &t

@ s distance y, from the field oenter, ... ithe veloeity of the relessed
is :
molecule, @, and it forms in the point of releass an angle & with the

y-axis, then the integratiom of equatioms (29) gives

| z g (v oin @a))sing (30m)
f ( | . Te e ooe 40)--110' ¢ (o /ol onsurs - (/) (3w)
| .'- : ". | ‘i&.; ):' . . .
- connomm |
TR e BLE & S R |
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were twe = ﬂ/«p)
w'= pajm 4y W= A . (81)

Lot us now MI\T W(e) and (300) taPa T o At e inetant
Lo
r.;fw oooramntuﬁopt}w molecwie will be [€ SV

Tamu. ya ~(yo @ /Y "o @ 2ng/Ma) (¥

A™tor a Ling
MR
T = 7’7«: - TV /pa (o
e e
01 MM AR Nt 39980ing €A sane Epooif o DAZIOLIG mamint, N wolp T

TN e gdApendant L o thogr VRLNRLLY and anglg  initi.. ane)

a Lt oAy e PSS S A T S U T T TR [ Ts.;.”“ 1
i Yo [T Vo ‘ ' v B " [
FRVR
cobre v mEetig @ e A Logut S iy by PRI "F 1T R
o T LR ey A, t A' " ot T LR P
! R A Ty . . orome
HTY Y Y SRARTY PO I T O N R K o BECEEY]
haere )
'
e ey, "‘AT - : . I T WO gve

T ™ o,

oS 1At caeion -t ot ot v NE S TRV AT
A+ b haw v e A e Y L Y T P, PTC RN LA
.
. 8 ML LLIOL L3 ot WYL N NI R R R Ty L)

MOV Am 149t aetory 1 mdaor Gho Folemoolwwgmenie fiaid,
7ariable as well in magnituae as in 2 uotinne The vaiue (\. Wild resuia
fAathaat wader tne foiloming two aonl.tiover L) whe mncaet s monent
ol Wie pa-tioio tollows he aireoction of esmeben variaet.oa o! tla
urnotls field during {t3 motion aloug the thmory'-"—thua the
mordeat wiil be ireoted against the field auring the whoie wotiong
k »f;'eld strongth . .

and 2) the magnotio moment is independsitafEmss the *—n-&

710 [1rst condition is satisfied it T DT, wore T s the

poriod of Larmor precossions Deosuse in flelds of the order of L000 Os

- the neriod of Larmor precession oquale 108 . 07 000s9 the first
l &}-» oondition for (« B%aMlity. | is ootalnly satisfieds Tie dspendsnce

oVa » ! %
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'ofﬁ .amm-otmu'm“m&m formlas

’
-+ 2m (2l "'J ()
aI+q
"MH‘OIRW". Mo 30 e magnetom, §j the facter of Lamaf.
T the opin of the nualeus, and $¥ 16 the splivting of the ayperfing
$TrUOLUr,
In & conorete case for thy atem of silver Jod, Int.
5)92; the yalue = takes the wvaluos:
Ly =1l for T aml
a- s ==
n for F =0 “ ,‘o

Aomael. 2p/lal ~nel and ﬂgﬂgo o Taus In tho i o1 anong
tie TOW oM, 1180 WL the atemla bunah Of dlavet YN g0t L0 L
AT NL A dy DUy, gl LWL S g e L LAY N R
LT T W Cleat i do L @m0 un i vaie T Sta g strength,

& @ - - N .
HEEMF S as ot mounaneg e ARMIE AR 0TI ALAT A Lha e Ore b

LY Riied SRR ﬂ =0t ANl v UGN,
,______’rl
* - . . -
Lav JA o' srw pre rada 6l partic - DRafSTTRAARE JW i tae
Srnaaaere. ael@e dLa 1 , S L e I, ne ot YW

9onaln eqaabiine 9 purtica, trajeatarins un s ssaial 00) . diinbes

in wie Iailowang toms

LR I

(3b)
whore
v pin X
A e w toom !

tgf=w (&+§)/u.w~ .

de equation ($86) reprusents an ellipse, Tne oocordinates of ita center

are
L2003 you /e g/ (36)
' -..
. . , A , !
. - S | Y . 2wl |
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0y .
e '
If the melesule % the axls y{tosweM2) .}
tien , as sesn fegm the last Pty (1), wise Pa Mo In tate onue
SattL e g

the equation of the eilipes in & cemeniocal form will be
W (yPget
? -+ 8/ mq (37)
B .
Mero Amu/y s By, e g/wbe This eilipee degenerates into a

oirole waer the eonduition

va Wy, e &/a") - (43)

, t
WEquation (35) mm Rakes,\posaidle to astermine in every
aamior«be onsn  the looution and divensions of the elliptio trajectory of
tic moleoulee  For tnir puroase we shal! wrive the equat.on of the allipsn

taking e symuley wxog of thu vllipse as 60orunades. Tiis nquation is

l‘.': y|2
"T/A *‘.'::74\ —~ (30)

Wiw . 5 ;
) U. sde, @ 5, e an l\ an Azmv the roots » the

1At on
2
).-. tt:gk o (a0 =» %) o)

i
I ous onge U, sem8in” ,. Therelure the saumiaxes of the ollipse

(R LV TTPR Y v { '
JUna edoustiviuy ein ?/q/}',' and sin ’,‘[\: e The equa‘tions of wie halal

maeleoy Rxme Will be

{ VX' axis) y-yo.(x-xo)b/()'-o) (40u)
(0y' axin) y =y, m(x=x)t/ (-'\.,'- °) (40%)

Aa important property of the molecule trajeetory is the equaiity of m.an‘ le of
[] .
slide mmpls P in the fooused polmt M (figure 2) to the ewhpmt 'exit
(]
angls of the molecule frem the loumluitAin the poins M,
w. deduner. where
-y é an interesting conelwsiom in the oase Wi\ the source eperiura

(s118)wi11 be set in & potns %uﬁol

X80 7o t/w®

o _
i S

L Cnmay
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In this ease the parmmetrie equations of the melesule trejostery
Will Sake the forms , .

:-%:4—%’ - g%e-odnut. (@)

400 equation of the Srajestory in cartesian ocoerdinates wiii be

e g/uvgz-eng @ : (42)

)]
(62) shows tant each atom w-— from point K esoiilatos along tiae

direetion of T The period o Aouuhﬁul is Te ZW/., aimVm Zae i

M !‘cﬂ.an from the equations of motion, all molecules w.th rivon

u.lun m » HOSOXpRCt  emitted from the point N (figure 2) ’
will audenbl in taw fooused poimd M' irdependent of v.e r vriaclty

and 1nitial angles However tnis aoe: not mean tunt KX roal.y
| all molecilss emitdad by the sourom 4iit w.l. asderbir in the Moiand
: acuy: ay

teLite A muttar AU 't L. taa o ,\r..'.wr.u Lol R I

a limitea spnoe, t.erviore onty tiuosw partioias will as®en s {n

Loe fomaeu pointa tae beive uelen 0 06l w e VLI I W |

LM EOC AU, AL VLW fPC T 4 ud (et e o e e

97 uhe MO eMiLe, tau . AV Wl acen reren e PALIR L GO0 1AV

B e Lk I S A L T T I ' R e L R

W ch satin{} tnu ouud.tivas

T oax ‘R (4%

where Toax is the maximm waiue f'or the rauias vertor of tha oroit,

ard 4 the space rnu.m} soncadiiur e A B TN T I Y

The ocondition (43) is deternined by Upgx) leAs by the waximuu veivcity that
the tw lecuie may aoquire widiswtessemmas or ity ' RCLOMY. YV

leaving the bounuaries of the foousing fiold,

Making use of the laws of econservation of energy and wemsmtamst 'nertia

| attwn—I8T™ vo zay approximately evaluate the magnitude of w ..
? Becsuse of
mﬁn saall value of potential energy of the moiscule in the

brm;i 0 d in comparison with that in the magnetic fielid, we may
nlu.‘w d&n of ecnservaticn,xtommny

5 ' ‘ _!_+§‘5. _*'“ _._t!! .nmu S smmvi” .

»
.

ek ,ﬂ .

ATV .

b
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Were v is the veleei¥y of the maleculs 1 the pelst Ware g T,
(#1gure 2),
Biiminasing frem oquations (¢4) the vaiwe Vv, we obtaia

i
|
i
|

2 .0
: u W _rﬂ__sj._—-— \ ecsensee (e6)
1= (y¥/ i) sinfy
: Aseming in formua (48) 7z, g R, We obtain & formila for w,!

Yy =B W Ry . (41)
= (45 /R wnSu

As sean from funmls (¢8) the vaius W, depends on the initis. angio

20 indmeton aud varine within the limits;

wiR"‘S: < um < QR sosennee (47)

WAR ™ Tae LoWer Limit ourresponds to warles & 0,7, aad wis upner

voas /.

»

Ry oraxiag 189 of ealatoon a0 ay wevoae Tar Mo

P

plivus ALOMM AT A = 200 Us/mf and R g LU -t:\:';meﬂ Lo/
W b aboPee Paad®iad AL T W2 L M . e e hTitayy
Thie lrer et e SEESSRECROIY CREIREWDES ot Mt w,oe
ArMLIEd WAL B FLoW N L ger Sne pee R RN BT

tits metaod ralaer AL tiouat. Padest e e wn
valusr 9 mad K10 sidut L) JbonLR Laflar el L

Prectiona 1y Not roALiISAbiL, DALY ne L ALOV.caoe Mmooy we "WVC
o = AR*/2 = 10 00) Dse

mx - now

Unti. pessems w» oonsidurmd tho mution of the moivsil: Llu tae
mailan plana. wher a  strictly foouaing fores ie woling (ab), and
perture)
the coumponent E,. equals serve If tue unhmt.mng ti¢ moiecuUlAr boan
nrotienta 3 1ino perpenuioular to the meaian plane, then obiously
out

the moiooule trajectory nur&nn from this pianee In tnis caze
the forcas soting on the molecuie will de expressed by the formuiias (17)a

For all points of the orvit, where l# 0, the rauial foroe f,
will not be strictly focusing, whiie the aegree of asfoousing willi be
dotermined by the valus (ast = M as2)/(H, @ ar?/2 ), comtained in
the ésncminater of expressiem (17a)e Obvicusly, in oraer to avoid

e

CONFIDENTIAR- 2+ * : |
-‘_t'.-.. _,.__-_ R . . . ‘. >.,....‘. !::.,.:..._ _. . . .J

Declassified in Part - Sanitized Copy Approved for Release 2012/05/18 : CIA-RDP82-00039R000100120023-3

T ——— T S




Declassified in Part - Sanitized Copy Approved for Release 2012/05/18 : CIA-RDP82-00039R000100120023-3 |

(ONF!DENﬂAl

appreciable defecusing, 1% 15 noesesary %o iimiv the regionein itk o
the molecule erbitglie, in the axial directione

e r e g e - . RO '.’h
. .x Y - )

Besides, at l* 0, the airection of £, s essmiial, Dbecsuse

{f 4t 13 directed tomard the plane 3 9 0, it has & omcentating effect

on the moieguiar beam, wWhile at the iaverse direction {t disperses

;ho boame A dotailed study of moiesule motioca in the region where ‘

10 mice: that the optimum condisious ror the detegtion of tha

z'uvm;m; anticn of axial magnetio field are oreated in the oase .w\-m-‘

', < 0 wud l> Qe
| dowsvar the evaluation of the number of mojeculed entering the
f'aousir.s rerions even in the case of optimm oonaitions of the axisi field
Cfiy € Va4 D)y saomt that the intonsity of tie molvoular ceas 1B

the Uowieins Aocatiun iw w0 emall  that it poquires o hirhly sensitiws

AP i 4 e af molec o Mk e dn~tiohe

e last and €1rd section -f-c\lows,
with the af"surcs
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3. Josussiag of o Nelesular Semn in & Plame Vognetie Tield

Ve consider o plans mgastic flold vith eemplex petantial of the form

fs) s 0™, (a8)

Tor a 3 ) the oquations of 1ines of £o390 and oquipetantial are writtem ia the
folleviag maaner vz0ad - 3h) , (m)
vo%y-P) . CH)

The field's lines of fores snd oquipetentiial lines (the sesmpsaaats of $he fleld
are given Wy equations (M) ) are represeated in figure ). Differentiating the
squation (Ma) with respest te the eserdinates wve find the expreesiens for ths

componsnts of the fleld intemsisy: l: ® - 60xy

0)
SR S ®

Setting a = ~ 60, we odtain 5 s axy
1, 3 dale? )

Implaying the equatiens (5) ve find the cemponents of the force that 1s
aoting en the molecules with the magnetis moment in the magnetic field. They
tarn eut to do equal to: 5 pax

L' ' (52)
g, = 0
Thua the force acting upon ihe moledules are foowssing in nahmo arfaces of
the plane magnetic field in the ulu time that the force is fecussing, in the
axial fleld, oaly in the surface s B 0,

I2 one plases the axis of the elestremagnet (s-axis) horisentally, then the
41 ¢ferential equations of motion of the molecules with magnetiec moment acting
against the field are writtem, hﬂu inte eonstderatien the force of gravity,
in the follewing form 2z .vlr, 3'=_vi.g &'so0. (53)

Using the resulls obtained ia Sestien 2 we ean write $he integrals of squatica
(53) n the fellowing form x 2 v"u.eindi: sta wh ,

78 (7g ¢ &/vi)e08 vt ¢ v 1uecosm: sin vk - g/v2 ,

ssgens, (5)
vhere, as carlier, v o (PI/I)*

' -". :

(ONFIDFNT!M

el 2 ¥y
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Ia equations (50) the ueatity u 19 the prejesticn of tho tetal velodity ¢
of & mlosuls i3 the X=plmmey -,nmnamsuonuqumwhm
s-axis) On 18 the angle forusd by tho prejestien of velosity u vith the F-axisg
and 14 40 sssuned that he mslocule has fleva fres the peial with ths ecordinates
(0.7ge8y) (s00 flgure ).

The f1rst ¥we of the oquatiens (54) represent \he parasstrie oquations of ihe
trajestory of & mlseule & \he xy-plane. As was shew earlier, these oquatjons
are ollipses. .hl She tzajestery of & miesule vill be sa olliptical spirel.

Pron equations (54) 1t fellow Shat all mcleciles issuing from ibe polat A
(figure #) snd having the same valus ll',t , independently of their angle of fiight
and velocity, vill 1n tims Tz Tt/w arrive st & point iz the liue BD parllel %o the
~.axis loosted frem it st a distance oqual %0 ¥q ¢ ”‘/P-‘ . 1% ls easy to realite
that a molecule vill arrive a* & far her point of the lina Pl .h. greate” ine '
o.mponent vy of velocity sinas after Limegihe Alspladina of an at.f along the
s.axis will increase linesrly with the wuantity u (vee the praceding formla (s0))e
The molecules lssuing fren the poin*® A and having an het «nliw et n[p will a*Tive
at another line parallel to the line M, .

I we coneider snother poir! emitting mimmlee anl Wring c.getber with tre
point A on ene and the sade lin. perallel to the e.nxis, then ¢ 13 clear thrt the
solecules issuing fros bhie polut in time € will arrivo ot the sume line RD, Thus
the molecules issuing from the linser sperture parnlicl to the s-axis vill sellect
1 4ime @ st ene and the sams line.

1¢ \he sperture emitting the molecules has a vidth §y. then the reglon vhere
\he molecules are focussed vill be s evrip of width Dy, If the sperture of the
source of mlecules placed 42 \he ys-plane is net parallel to the s-axis, then this
osnses s videning of the regien of fesussing squal e the projection of $be aperture

on the xy-plame; Shed is, this videniag vill Ve
§y' = 1 0120 (55)

where 1 1¢ the length of the sperture, snd) 16 the angle formed by the direction
of ihe aperture vith the dizestien of the s-axis, If the spertuze of the source is
uqmd.umnu&m-mn-,m. \hen it 10 eagy bo shov that the foeul
Line 16 displaced to the sther sile frem the yi-plene 1y the seme queatity 5z.

iy ‘
CONFIDENTIAL
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Revever, {f the aspezture of the souree dees net 110 ia 2o yo-plans, then
\his fact vill emse s videming of Vb fomal 11ne oqual 40y 37* ® Letwy -temf (56)
vhere o 18 tbe sagle formed Yy Ahe sperture with ths yi-plans, md 6 1o half \be
mgle of Qivergmee of $he mlesular bess in the vertieal plane.
he previous eensilerstions permit eme %0 formlate Swo requireasntis guaren-
taeing the adsence of fussiness or diffuseness of the foomd 1188t a) the apervure
of the source of molecular beams mist de parallel to the s-axis; b) 4she sperture
of the sourcs and she focal line must de located either in the ys-plane ¢r in t"a
parallel planes disposed sysmetrically with respect to the ys-rlane, |
Just as 1o the case of ihe axial field, only part of the mleculev ineuing
froe the sovros is incident upen the fooal limey in both caszes thies 14 censed Wy
the fuct tha' the fooussing masmetic field is cuncentrated iv @ limted spacs,
A~ruglly. 1o the oade oonsiderv by us the velocity the mle "Lled afTMIn/, o' the
foca 1106 are limited by vwe conditionsr a) the projectle: of she viiemty u
of 2 Bolecels on the Ty-plane canzo® te greater fhv 7alwe " naz detearsined fron
firemla (46) and depundent vpor R, ¢ redius of thy Pavuting sTaoe af the elevtre
magnet, 31noe 1o the opposive .aae iho mrlecule defore fal.ing on ths focal 1ize
fal1s ¢n the wall of the rannu :hagdor in whiak tne aotive of the o lecules ori-
givates; b) the component uy of _volor:itr of a m.lacule vanuo! be greater shan
’ s ocertaiz ug, . #ince in the opposite sass the Enlocale. Sefore faliirg upen oz
the fooml line _\mlld ge deyond the limite of the nperating spade of the electro.
magnet.
The muantity ug, i3 determined frem the previcus formuils (54), in whieh 5,
18 set oqual %o seXv, sizce the length of the sperture ef the source is srall in
somparison with ., the length of the operating space of the electromegnet, Obvicus-
1y, 1f in Ahe preceding formla (54) m“uu,for tur, s3], themuy = up

»na consequently ve haver W 3 e svl/m. (s7)

Keeping in mind the above-dedwoed cenditions 1imiting the megnitude of the
prejections of veleoity, ene Oun ¢xpress dafinite censiderations ooncerning the

-~

allovadle valuss for $he vecter of a melesulels tetal velocity, for which turn %
figure S. 1t is cany e sos that enly these mlesules fall ea $he fecal 1line
vhese terminl of the velosity vester do 2ot g0 dayend the 1imite of the aylinder's
curface (haight of the @linder 1o uy, o snd Taliue of Ahe Base 1o u,). Designa-
bing \he cagle formed ty (he Wleelty of & W1eerle ¢ with 400 Saxis V7 the lotter

% CONFIDENTI
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§: ve can write the fellaving expreesions for the allewsdle values of Sho veleeity
for 0¢ he ¢y ®2lew ® "s/% ¢ (58)
18 0, 0 w/21 010 8 g eia g (58)

where . ¢y = arctea(ng,/u,) ¥ areven(vhgy/v) . (58¢)

Condistens (SBa) emd (580) are iwposed wpea t2e mlesules tasident o ay plade of

She focal line in she limits 0O¢ <k,

Upon the melecules incident em $he portien of the feeal line ¢lose $0 1 = L
Mie folloving coaditiors are impesed: Yy 5 Ny, ¥ 0008 § 3 cones

Yyt otsngfu (%)
coveipertly. the following conditien 1s impesed upon the angle ¢
lu‘!Wu..llu‘kx that te. 05..,‘ . (600

Thur tn a given place of the focal iine mlecules can fall fur wiich the termnd

et the telodaty Testur pase thr.ugt the base of the cene Fevresontod lu f14ure 5,

Duing formiae (46), (57), (48a) and (Sﬁb))‘::ocudxu from she assumptio:. that.
‘8 the mlentler beam 1veuing frem vhe wourse s Aperture Macweil o law of Avmtm.
W-CR ¢f teldiivivw boiie uh. ceu #'mlvae ThE BMANG’ U1 wle i ler a1 Ny DA
ses@mA both 4t the entire regisn o famdelng and av any pertion o f 3. Tieee ovn.
luartens ehov that for oot oo large n1ges of the eie0 ¢ tmyne: tiea 14 the focus.
0y magnet’ fleld the nwade: ol mele.uies APr1eicg In the reriut o f focmasing i
lu;\ large and 10 requirwd for 14 uﬁu‘.uh GetortliL 3! mo.e.Mer baams,

Le% us ocensider nov ihe Possidility of focusaing s molecular bear by the mugneti.
field 1n the case whers the point source of \he bean 1¢ lozated ontside of the meg.
ne-ic field, for which let us turn vo figure 6. Let there 18028 fron the sourse of
mwlecules located on the s-axis at the poiat O a divergent bean of rays vith the
velocity v whiad is ineldent Tpon the magnetie f1e1d concentrated ip the regiot
AT B In the giver case we will consider the bear with a emall anzle of drvergwnce
@ (pararial rays) and vill disregard the marginal dlstertions of the fleld near
AL’ and BBY,

Lev us find the trajectory of ene of e rays issuing froa the point 0, die.
regarding the action ef the foree of eravity, The coerdinate y of the poins C of
the entranee of a moleoule iate the magnetio fleld ead i4s oomponent of velooity ir
She directien of She y-axis will be: netae , i’_ Tva. (61)
Part o:muu.,uumolnnxmmﬂummtuothhmmlu
from the side of the magnetie fleld, Asseriing %0 formmla (V) e oquation of

e CONRDENTML
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v , Yy = IN e ey ' e YV W oEi g
F,o- vaoue (wi/wi « (faw) otn (el ?) LYY
Trhu equatione of motion of & molecule in she IB portion of she ‘ra)ecsury will de
TRype it swm (64)

or 7o ot o s)cos(vl/v) ¢ (v/v = vfz/v)e stn(w}/v).(65)

1£ the point 2 49 a peint of intersection of the molesmles’ trajectory
(velecisy v) coming ous within the 1imite of & emall angle &, then it means Shat
the sus of all the Verme in expreseion (63) thal centain factors in the quantity
~ mst be equal %o sere; that is, (£ 4 s)oss(w)/v) ¢ (5-:} ) nniv/v) = 0,
Eence the dietance 3, of the poiat B from the fomadary of the fleld ERi will ber

8 = f) = (frooe wl/w o (v/w)ute ol/v )(tw/v stn wl/v . eus w;.jvr1 (66)

Thuas the eauaiun (6€) givas the c0ordinate of ths netn' of fouaing of o
mnoviretic and parsxial beam of mleular rays passing througs the f1024, Pronm
equation (b6) oBe cat ocnzlude that

$, =%  forle( oy aritan’ vl

£)- 2 tor L (2ve armez , vjuf) , : thrt

) a0 ferhw( vv arvan Lwf/r)

Yor defirlive *alued of v [ 6ne ‘ab CGalculate 1L formu.a M) the va.ur uf
of the velocity v, giving a definfie fouve distance f, . 1%.%e odrious that a
sonvergent bdesh can Do obtained for velecities less than that oaloulated from the

fizrvt equaticn in (67).
Sadmitted & March 1550

Pnyeisotechnical Institute,
Acadery of Seiences Ukrainian S8R,

[7 X 1. Zersunsicly. fhursal Exsperimental'ney i Teoreticheskoy Fisiki.
Volume 16, 151 (1946),

Hooe Fothn)
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